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NAMED ENTITY TRANSLATON 

CROSS REFERENCE TO RELATED 
APPLICATIONS 

This application claims the benefit of the priority of U.S. 
Provisional Application Ser. No. 60/363,443, filed Mar. 11, 
2002 and entitled “NAMED ENTITY TRANSLATION, 
and is a continuation of Ser. No. 10/387,032 now U.S. Pat. 
No. 7,249,013, filed on Mar. 11, 2003 and entitled “NAMED 
ENTITY TRANSLATION. 

STATEMENT AS TO FEDERALLY SPONSORED 
RESEARCH 

The invention described herein was made in the perfor 
mance of work under Defense Advanced Research Projects 
Agency (DARPA) grant no. N66001-00-1-8914, pursuant to 
which the Government has certain rights to the invention, and 
is subject to the provisions of Public Law 96-517 (35 U.S.C. 
202) in which the contractor has elected to retain title. 

BACKGROUND 

The present application describes systems and techniques 
relating to machine translation of languages, for example, 
translation of named entities. 
Named entity phrases are being introduced in news stories 

on a daily basis in the form of personal names, organizations, 
locations, temporal phrases, and monetary expressions. Vari 
ous techniques to identify named entities have been made 
available. 

SUMMARY 

The present disclosure includes systems and techniques 
relating to translating named entities from a source language 
to a target language. According to an aspect, potential trans 
lations of a named entity from a source language to a target 
language are generated using a pronunciation-based and 
spelling-based transliteration model. A monolingual resource 
in the target language can be searched for information relating 
to usage frequency, and output including at least one of the 
potential translations can be provided based on the usage 
frequency information. 

Abilingual resource can be used selectively in conjunction 
with a combined pronunciation-based and a spelling-based 
transliteration model and a news corpus, allowing named 
entity translation to be performed with minimal input from 
bilingual resources. Usage context information and/or iden 
tified Sub-phrases of potential translations can be used to 
expand a list of translation candidates generated. Moreover, 
one or more monolingual clues can be used to help re-rank 
generated translation candidates. The systems and techniques 
described can result ineffective named entity translation, able 
to handle entirely new named entity phrases and domain 
specific named entities, which may not be found in bilingual 
dictionaries. 

DRAWING DESCRIPTIONS 

FIG. 1 illustrates a system using named entity translation. 
FIG. 2 illustrates an exemplary named entity translation 

system. 
FIG. 3 illustrates machine-based production of potential 

translations for a named entity. 
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2 
FIG. 4 illustrates machine-based production of potential 

translations for a named entity, including the use of abilin 
gual resource. 

FIG. 5 illustrates an exemplary named entity translation 
system. 

FIG. 6 illustrates machine-based production of potential 
translations for a named entity, including extending of a can 
didates list using Sub-phrase identification. 

FIG. 7 illustrates machine-based production of potential 
translations for a named entity, including extending a candi 
dates list using contextual information. 

Details of one or more embodiments are set forth in the 
accompanying drawings and the description below. Other 
features and advantages may be apparent from the description 
and drawings, and from the claims. 

DETAILED DESCRIPTION 

As used herein, the terms “named entity”, “named entity 
phrase' and phrase are used interchangeably. A named 
entity is a group of one or more words that identifies an entity 
by name. For example, named entities may include persons, 
organizations, locations, dates, and monetary expressions. 
Additionally, the terms “electronic document” and “docu 
ment’ mean a set of electronic data, including both electronic 
data stored in a file and electronic data received over a net 
work. An electronic document does not necessarily corre 
spond to a file. A document may be stored in a portion of a file 
that holds other documents, in a single file dedicated to the 
document in question, or in a set of coordinated files. The 
term “text means character data, which may be encoded 
using a standardized character encoding Scheme. Such as 
Unicode, ASCII, Arabic (ISO), Turkish (ISO), Chinese Sim 
plified (EUC), Korean (ISO), etc. 

FIG. 1 illustrates a system 100 using named entity transla 
tion. The system 100 includes a natural language processing 
(NLP) system 120, such as a statistical machine translation 
system, a Cross-Lingual Information Retrieval (CLIR) sys 
tem or a Question Answering (QA) system. The NLP system 
120 can have a built-in named entity translation system 110. 
Alternatively, the NLP system 120 can be in communication 
with the named entity translation system 110, such as by 
through a network 130. 
The named entity translation system 110 can be a tool that 

translates named entities in support of the NLP system 120. 
Machine translation systems can use the system 110 as a 
component to handle phrase translation in order to improve 
overall translation quality. CLIR systems can identify rel 
evant documents based on translations of named entity 
phrases provided by the system 110. QA systems can benefit 
from the system 110 because the answer to many factoid 
questions involve named entities (e.g., answers to “who 
questions usually involve Persons/Organizations, “where' 
questions involve Locations, and “when questions involve 
Temporal Expressions). 

FIG. 2 illustrates an exemplary named entity translation 
system 150. Named entities in a source language are provided 
to a potential translation generator 160. The generator 160 
uses a pronunciation-based transliteration model 162 and a 
spelling-based transliteration model 164 to generate potential 
translations from the Source language to a target language. In 
doing so, a monolingual resource 170 (e.g., English language 
documents available over a communications network) can be 
used to help decide which one or more potential translations 
are provided as output. 

In addition, a bilingual resource 180 can also be used to 
help decide which one or more potential translations are 
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provided as output. The bilingual resource 180 can be abilin 
gual dictionary (e.g., an Arabic-English dictionary). The fol 
lowing example is used to illustrate the general approach to 
translation that inspires the specific systems and techniques 
described herein. Although the present disclosure frequently 
uses Arabic and English as the source and target languages 
respectfully, the system and techniques described are appli 
cable to other languages as well. 
The frequency of named-entity phrases in news text 

reflects the significance of the events with which they are 
associated. When translating named entities in news stories of 
international importance, the same event will frequently be 
reported in many languages including the target language. 
Instead of having to come up with translations for the named 
entities often with many unknown words in one document, 
Sometimes it is easier for a human to find a document in the 
target language that is similar to, but not necessarily a trans 
lation of the original document and then extract the transla 
tions. 

To illustrate this approach to translation consider the 
named entities that appear in the following Arabic excerpt: 

(U_yi) assicia (cut) : J-P2001 
ale calleless., Ji scstasy Jail sati i Jia 
easilaia is J.J. Jja Uya (lit. Y&H laity 
i Jia S96 rule 

The Arabic newspaper article from which this excerpt was 
extracted is about negotiations between the US and North 
Korean authorities regarding the search for the remains of US 
soldiers who died during the Korean war. When the Arabic 
document was translated by abilingual speaker, the locations, 
vig Ji, )." , and class", were sounded out to 
give Chozin Reserve, Onsan, and Kojanj, respectively. 
When translating unknown or unfamiliar names, one can 

search for an English document that discusses the same Sub 
ject and then extract the translations. Thus, to translate the 
terms above, one can search the World Wide Web (WWW) 
using the following terms: “soldiers remains”, “search”. 
“North Korea”, and “US”. When this search was performed 
using a search engine (e.g. http://www-google-com), the 
highest ranked document contained the following paragraph: 

The targeted area is near Unsan, which saw several battles 
between the U.S. Army's 8th Cavalry regiment and Chi 
nese troops who launched a Surprise offensive in late 
1950. 

This allowed the creation of a more precise query by adding 
“Unsan' to the search terms. 
When this search was performed, and the originally found 

document excluded from the results, the highest ranked docu 
ment contained the following excerpt: 

Operations in 2001 will include areas of investigation near 
Kaechon, approximately 18 miles South of Unsan and 
Kujang. Kaechon includes an area nicknamed the 
“Gauntlet, where the U.S. Army's 2nd Infantry Divi 
sion conducted its famous fighting withdrawal along a 
narrow road through six miles of Chinese ambush posi 
tions during November and December 1950. More than 
950 missing in action soldiers are believed to be located 
in these three areas. 

The Chosin Reservoir campaign left approximately 750 
Marines and Soldiers missing in action from both the 
east and west sides of the reservoir in northeastern North 
Korea. 

Thus, this human translation method gives the correct trans 
lation for the names of interest. By using this human transla 
tion method as a starting point, various machine-based named 
entity translation techniques can be provided. 
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4 
FIG. 3 illustrates machine-based production of potential 

translations for a named entity. A named entity is obtained 
from text input of a source language at 200. The named entity 
can be identified or received as input. Identification of the 
named entity can be performed using traditional techniques, 
such as the IdentiFinder named entity identifier described in 
Daniel M. Bikel, Richard Schwartz, and Ralph M. Weische 
del, “An Algorithm that learns What's in a Name', Machine 
Learning 34, 211-231 (1999). Moreover, phrase boundaries 
and a category designation for the named entity can be 
obtained. 

Potential translations of the named entity from the source 
language to a target language are generated using a pronun 
ciation-based transliteration model and a spelling-based 
transliteration model at 210. This generation of potential 
translation can involve the following: (1) using a first proba 
bilistic model to generate words in the target language and 
first transliteration scores for the words based on language 
pronunciation characteristics, (2) using a second probabilistic 
model to generate second transliteration scores for the words 
based on a mapping of letter sequences from the target lan 
guage into the Source language, and (3) combining the first 
transliteration scores and the second transliteration scores 
into third transliteration scores for the words. 

Transliteration is the process of replacing words in the 
Source language with their approximate phonetic or spelling 
equivalents in the target language. Transliteration between 
languages that use similar alphabets and Sound systems can 
be easier than transliteration between languages with signifi 
cant differences in their sound and writing systems, such as 
the case with Arabic into English. 

Vowels in Arabic come in two varieties: long vowels and 
short vowels. Short vowels are rarely written in Arabic in 
newspaper text, which makes pronunciation and meaning 
highly ambiguous. Also, there is no one-to-one correspon 
dence between Arabic sounds and English sounds. For 
example, English “P” and “B” are both mapped into Arabic 

Arabic 'c' and '9' are mapped into English 
“H”; and so on. 
One approach to this problem is to use a pronunciation 

based model during translation from Arabic to English. In a 
paper by Bonnie G. Stalls and Kevin Knight, “Translating 
names and technical terms in Arabic text”. Proceedings of the 
COLING/ACL Workshop on Computational Approaches to 
Semitic Languages (1998), an Arabic-to-English back-trans 
literation system based on the source-channel framework is 
presented. The transliteration process is based on a generative 
model of how an English name is transliterated into Arabic. 
This process consists of several stages that can each be 
defined as a probabilistic model represented as a finite state 
machine. 

First, an English word is generated according to its uni 
gram probabilities P(w). Then, the English word is pro 
nounced with probability P(ew), which can be collected 
directly from an English pronunciation dictionary. Finally, 
the English phoneme sequence is converted into Arabic writ 
ing with probability P(ale). According to this model, the 
transliteration probability can be governed by the following 
equation: 

P,(w|a) sy. Pow)Pew)Pale) (1) 
We 

This pronunciation-based model can also be referred to as a 
phonetic-based model. 
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The transliterations proposed by this model are generally 
accurate, but typically, the English words that can be pro 
duced are those with known pronunciations. Moreover, 
human translators often transliterate words based on how they 
are spelled and not based on how they are pronounced. For 
example, “Graham' is transliterated into Arabic as 

alys" and not as ye’. To address this issue, a spell 
ing-based model can be used in addition to the pronunciation 
based model. 
An example spelling-based probabilistic model can 

directly map English letter sequences into Arabic letter 
sequences with probability P(aw), which can be trained on a 
small English/Arabic name list without a need for English 
pronunciations. Since no pronunciations are needed, this list 
is easily obtainable for many language pairs. Moreover, the 
model P(w) can be extended to include a letter trigram model 
in addition to the word unigram model. This makes it possible 
to generate words that are not already defined in the word 
unigram model. The transliteration score according to this 
model can thus be governed by the following equation: 

The phonetic-based and spelling-based models described 
above can be combined into a single transliteration model. In 
this combined model, the transliteration score for an English 
word w given an Arabic word a can be a linear combination of 
the phonetic-based and the spelling-based transliteration 
scores as governed by the following equation: 

(3) 

In addition to the first and second probabilistic models 
described above, other techniques can be used during the 
generation of the potential translations. Generating the poten 
tial translations can involve using abilingual resource. Gen 
erating the potential translations can involve multiple genera 
tion stages. For example, in a first stage, an initial set of 
potential translations (also referred to as candidates) can be 
generated, and then this set can be expanded using search and 
transliteration techniques, including the transliteration tech 
niques described above. 
A monolingual resource in the target language is searched 

to find information relating to usage frequency at 220. For 
example the monolingual resource can be multiple docu 
ments, such as news stories in the target language, that are 
available over a communications network. These documents 
can be searched for the potential translations to identify 
which potential translations are more likely to be accurate 
translations. 

Output that includes at least one of the potential transla 
tions is provided based on the usage frequency information at 
230. For example, the potential translations can have associ 
ated probability scores, and these probability scores can be 
adjusted based on the usage frequency information. The 
adjusted probability scores can then affect the output pro 
vided. 

FIG. 4 illustrates machine-based production of potential 
translations for a named entity, including the use of abilin 
gual resource. A category of an identified named entity is 
obtained at 250. Potential translations of the named entity can 
then be generated by selectively using a bilingual resource 
based on the category at 260. Different types of named enti 
ties can be translated differently based on one or more iden 
tified categories. 

Numerical and temporal expressions typically use a lim 
ited set of Vocabulary words (e.g., names of months, days of 
the week, etc.), and can be translated using various translation 
techniques. Names of persons can be a first category and 

10 

15 

25 

30 

35 

40 

45 

50 

55 

60 

65 

6 
handled separately from locations and organizations, which 
can be treated as a second category. 
When a named entity falls in the first category, the bilingual 

resource need not be used. Person names are almost always 
transliterated by human translators. Thus, the translation can 
didates for typical person names can be generated using the 
combined pronunciation-based and spelling-based model 
already described. Finite-state devices can produce a lattice 
containing all possible transliterations for a given name. The 
candidate list can then be created by extracting the n-best 
transliterations for a given name. The score of each candidate 
in the list can be the transliteration probability as given by 
P(wla)=P(wla)+(1-)P(wla). For example, the name 
wis, is transliterated into: "Bell Clinton'. "Bill Clin 
ton”, “Bill Klington', etc. 
When a named entity falls in the second category, the 

bilingual resource can be used. Words in organization and 
location names are typically either translated directly (e.g., 
vis' as “Reservoir”) or transliterated (e.g., Üs" as 
“Chosin') by human translators, and it is not always clear 
when one approach is better for a given word than another. So 
to generate translation candidates for a given phrasef words 
in the phrase can be translated using abilingual dictionary and 
also transliterated using the techniques described above. 
The candidate generator can combine the dictionary entries 

and n-best transliterations for each word in the given phrase 
into a regular expression that accepts all possible permuta 
tions of word translation/transliteration combinations. In 
addition to the word transliterations and direct translations, 
English zero-fertility words (i.e., words that might not have 
Arabic equivalents in the named entity phrase, such as "of 
and “the') can be considered. This regular expression can 
then be matched against a monolingual resource in the target 
language. Such as a large English news corpus. 

All matches can be scored according to their individual 
word translation/transliteration scores. The score for a given 
candidate e can be given by a modified version of the Model 
1 probability described in P. F. Brown, S.A. Della-Pietra, V.J. 
Della-Pietra, and R. L. Mercer, “The mathematics of statisti 
cal machine translation: Parameter estimation'. Computa 
tional Linguistics, 19(2) (1993), as follows: 

P(ef) = aX, Pe, a f) (4) 
Wa 

(5) 

where 1 is the length of e, m is the length off. C. is a scaling 
factor based on the number of matches of efound, anda, is the 
index of the English word aligned with f, according to align 
menta. The probability telf) is a linear combination of the 
transliteration and translation score, where the translation 
score is a uniform probability overall dictionary entries forf. 
The scored matches form the list of translation candidates. 

For example, the candidate list for jacts" includes “Bay 
of Pigs' and “Gulf of Pigs'. 
A monolingual resource in the target language is searched 

to find information relating to usage frequency at 270. Prob 
ability scores of the generated potential translations can be 
adjusted based on the usage frequency information at 280. 
This adjustment represents a re-scoring of the translation 
candidates based on usage frequency information discovered 
in the monolingual resource, such as the Web. Although the 
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Web includes documents in multiple languages, it is treated as 
a monolingual resource for the purposes of the search at 270. 
The Web is thus a monolingual resource in this context. 
The re-scoring of the potential translations can be based on 

different types of usage frequency information. The usage 
frequency information can be normalized full-phrase hit 
counts for the potential translations in the monolingual 
resource, and adjusting the probability scores can involve 
multiplying the probability scores by the normalized full 
phrase hit counts for the potential translations. One or more 
additional types of re-scoring can be used with one or more 
monolingual resources, as described further below in connec 
tion with FIG. 5. 

After the re-scoring, one or more of the translation candi 
dates are selected based on the adjusted probability scores at 
290. For example, a best available translation of the named 
entity can be selected from the potential translations based on 
the adjusted probability scores. Alternatively, a list of likely 
translations of the named entity can be selected from the 
potential translations based on the adjusted probability Scores 
and a threshold. These one or more selected translations can 
be provided as output to an NLP system. 

FIG. 5 illustrates an exemplary named entity translation 
system. As shown in FIG. 5, the translation process can 
involve two main stages. Given a named entity in the Source 
language, a ranked list of translation candidates is generated 
using bilingual and monolingual resources. Then, the list of 
candidates can be re-scored using different monolingual 
clues. 

A candidate generator 300 produces translation candidates 
for named entities using the techniques described above. The 
candidate generator 300 received named entities that have 
been identified in an Arabic document 330. The named enti 
ties that are identified as locations or organizations are pro 
cessed by a first module 310, and the named entities that are 
identified as person names are processed by a second module 
320. Both modules 310, 320 use a transliterator 305, as 
described above. 

Moreover, the first module 310 also uses abilingual dic 
tionary 340 to generate a regular expression that accepts all 
possible permutations of word translation/transliteration 
combinations. The first module 310 can add English Zero 
fertility words to the regular expression as well. This regular 
expression is then matched against an English news corpus 
350 by a re-matcher 315. The matches are scored according to 
their individual word translation/transliteration scores. 

For a given named entity, a list of translation candidates are 
output by the candidate generator. These translation candi 
dates can be further processed by a candidate re-ranker 370 
before a final set of re-ranked translation candidates are out 
put. The re-ranker 370 searches the Web 360 or some other 
information source to find information relating to usage fre 
quency. The re-ranker 370 then re-scores the translation can 
didates based on the discovered usage frequency information. 

Multiple types of usage frequency information and corre 
sponding re-scoring techniques can be used. In general, the 
candidates are re-ranked according the following equation for 
score, S: 

S(C)=S(C)XRF(c) (6) 

where RF(c) is the re-scoring factor used. The multiple re 
scoring techniques can be combined and applied incremen 
tally, where the re-ranked list of one module is the input to the 
next module, and the candidates list can be limited in size. For 
example, the re-ranker 370 can include three separate re 
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8 
scoring modules that apply different re-scoring factors, and a 
list of twenty potential translations can be re-ranked in turn by 
each of these three modules. 
A first possible re-scoring factor is a normalized Straight 

Web count. For the 'uji's la” example, the top two transla 
tion candidates are “Bell Clinton' with a transliteration score 
of 1.1x10 and “Bill Clinton” with a score of 6.7x10'. The 
Web frequency counts of these two names are 146 and 840, 
844 respectively. Using Equation 6, these Web counts result 
in revised scores of 1.9x10' and 6.68x10', respectively, 
which leads to the correct translation being ranked highest. 

Considering counts for the full name rather than the indi 
vidual words in the name generally produces better results. To 
illustrate this point consider the person name disda". The 
transliteration module 305 proposes “Jon” and “John” as 
possible transliterations for the first name, and “Keele' and 
“Kyl among others for the last name. The normalized counts 
for the individual words are: (“John, 0.9269), (“Jon”, 
0.0688), (“Keele, 0.0032), and (“Kyl', 0.0011). Using these 
normalized counts to score and rank the first name/last name 
combinations in a way similar to a unigram language model 
results in the following name/score pairs: (“John Keele'. 
0.003), (“John Kyl', 0.001), (“Jon Keele', 0.0002), and (“Jon 
Kyl”, 7.5x10. However, the normalized phrase counts for 
the possible full names are: (“Jon Kyl”, 0.8976), (“John Kyl”, 
0.0936), (“John Keele', 0.0087), and (“Jon Keele', 0.0001), 
which is more desirable as “Jon Kyl is an often-mentioned 
US Senator. 

Another possible re-scoring factoris based on co-reference 
in the source input, in which adjusting the probability scores 
involves comparing the named entity with other named enti 
ties of a common type in the text input, and if the named entity 
is a Sub-phrase of one of the other named entities, adjusting 
the probability scores based on normalized full-phrase hit 
counts corresponding to the one other named entity. When a 
named entity is first mentioned in a news article, typically the 
full form of the phrase (e.g., the full name of a person) is used. 
Later references to the name often use a shortened version of 
the name (e.g., the last name of the person). 

Shortened versions of a named entity phrase are more 
ambiguous by nature than the full version of the phrase and 
hence more difficult to translate. Also, longer phrases tend to 
have more accurate Web counts than shorter ones. For 
example, the phrase “sula' is translated as “the House of 
Representatives”. The word 'ule" might be used for later 
references to this phrase. Note that "Ulaa" is the same word 
as 'Ulala" but with the definite article 'S' attached. Thus, 
the translating machine has the task of translating 
Ulaal", which is ambiguous and could refer to a number of 

things including: “the Council when referring to 
3-yulal" (“the Security Council'); “the House' when refer 

ring to lilaa' (“the House of Representatives’); and as 
“the Assembly' when referring to 4-yllala (“National 
Assembly). 

If the translating machine can determine that the named 
entity is referring to “the House of Representatives', then, the 
machine can translate the named entity accurately as “the 
House'. This can be done by comparing the shortened phrase 
with the rest of the named entity phrases of the same type. If 
the shortened phrase is found to be a sub-phrase of only one 
other phrase, then, it can be presumed that the shortened 
phrase is another reference to the same named entity. In that 
case, the counts of the longer phrase are used to re-rank the 
candidates of the shorter phrase. 

Another possible re-scoring factor is based on contextual 
information in combination with the usage frequency infor 
mation. Contextual information can be identified in the text 
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input (e.g., the candidate re-ranker 370 can also us the Arabic 
document 330 as input), and searching the monolingual 
resource can involve searching multiple documents for the 
potential translations in conjunction with the contextual 
information to obtain the usage frequency information. 

For some named entities, Web counts can lead to more 
accurate re-ranking of candidates when phrases are counted 
only if they appear within a certain context. For example, the 
top two translation candidates for Jylla aliya' are “Donald 
Martin' and “Donald Marron'. The straight Web counts are 
2992 and 2509, respectively, which do not change the ranking 
of the candidates list. Web search engines can be used with the 
Boolean operator“AND” when searching the Web to generate 
a Web count based on context information. For the previous 
example, the fact that the person mentioned is the “CEO of 
"Paine Webber' can be used in the search. This results in 
counts of 0 and 357 for “Donald Martin’ and “Donald Mar 
ron', respectively. This is enough to get the correct translation 
as the top candidate. 

Various techniques can be used to automatically find the 
contextual information that provides the most accurate 
counts. Some of these techniques use document-wide contex 
tual information such as the title of the source document or 
select key terms mentioned in the Source document. One way 
to identify those key terms is to use the TF/IDF (term fre 
quency/inverse document frequency) measure. Other tech 
niques use contextual information that is local to the named 
entity in question Such as the n words that precede and/or 
Succeed the named entity or other named entities mentioned 
closely to the one in question. 

In addition to the techniques described above, a named 
entity translation system can also use various techniques to 
extend the candidates list generated by a potential translations 
generator, Such as the candidate generator 300. Extending the 
candidates list can make the system more robust and effective. 
Once an initial list of potential translations has been gener 
ated, this list can be expanded by searching for the correct 
translation rather than generating it. By extrapolating from 
the initial candidates list, additional and sometimes better 
translations can be discovered. 

FIG. 6 illustrates machine-based production of potential 
translations for a named entity, including extending of a can 
didates list using Sub-phrase identification. A named entity is 
obtained from text input of a source language at 400. Potential 
translations for the named entity are generated with a proba 
bilistic model that uses language pronunciation characteris 
tics and a mapping of letter sequences from the target lan 
guage into the source language at 410. The potential 
translations are phrases in the target language with corre 
sponding transliteration scores, as described above. 

Sub-phrases are identified in the generated phrases at 420. 
Documents in the target language are discovered using the 
sub-phrases at 430. This can involve using a Web search 
engine. Named entities that include one or more of the sub 
phrases are identified in the discovered documents at 440. For 
example, the IdentiFinder named entity identifier can be used 
to find all named entities in the top n retrieved documents for 
each sub-phrase. Transliteration scores for the identified 
named entities in the discovered documents are generated 
using the probabilistic model at 450. 

This scoring can be limited to the identified named entities 
in the retrieved target language documents that are in the same 
category (e.g., the PERSON category) as the original named 
entity in the source language input. The same models 
described above can be used for this scoring. These scored 
named entities are then added to the potential translations at 
460. Thus, the candidates list is expanded based on sub 
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10 
phrases found in the initial candidates list. This expanded 
candidates list then passes to the re-scoring process as before. 
A monolingual resource in the target language is searched for 
information relating to usage frequency at 470. Then, output 
including at least one of the potential translations is provided 
based on the usage frequency information at 480. 

For a person name, this technique corresponds to searching 
for the first name and the last name separately during the 
generation of potential translations in order to augment the 
searching for the full name performed during the final re 
scoring process. As an illustration, consider the name 
wise. The translation module proposes: "Coffee 
Annan”, “Coffee Engen”, “Coffee Anton”, “Coffee Anyone”, 
and “Covey Annan' but not the correct translation “Kofi 
Annan' (the current Secretary General of the United 
Nations). The list of potential translations can be expanded by 
finding the most common person names that have either one 
of "Coffee' or “Covey' as a first name, or “Annan', “Engen”, 
Anton’, or “Anyone' as a last name. 
If the monolingual resource to be used supports searching 

using wild cards, discovering the documents in the target 
language can be done using wildcard searching. For example, 
if the monolingual resource used is a large English news 
corpus, such search capability is readily available. If the 
monolingual resource to be used does not support wild card 
searching, Such as is common with typical Web search 
engines, the top n matching documents can be retrieved for 
each of the names “Coffee”, “Covey”, “Annan”, “Engen”, 
Anton', and “Anyone'. All person names found in the 

retrieved documents that contain any of the first or last names 
used in the search can then be added to the list of translation 
candidates. The correct translation may be among the names 
found in the retrieved documents, and if so, will likely rise to 
the top during the re-scoring process that is applied to the 
expanded candidates list. In this example, “Kofi Annan' is 
found and added to the candidate list, and it is Subsequently 
ranked at the top. 
To address cases where neither the correct translation nor 

any of its sub-phrases can be found in the list of translation 
candidates, additional potential translations can be generated 
by searching using context information Such as described 
above in connection with the searching performed during the 
re-scoring process. This can be done by searching for a docu 
ment in the target language that is similar to the one being 
translated from the source language. This can be especially 
useful when translating named entities in news stories of 
international importance where the same event will most 
likely be reported in many languages including the target 
language. 
The extrapolation procedure described above can be 

repeated, but this time using contextual information, such as 
the title of the original document, to find similar documents in 
the target language. Additionally, a CLIR system can be used 
to find relevant documents more Successfully. 

FIG. 7 illustrates machine-based production of potential 
translations for a named entity, including extending a candi 
dates list using contextual information. A named entity is 
obtained from text input in a source language at 500. Contex 
tual information, such as described above, is identified in the 
text input at 510. Documents in the target language that 
include the contextual information are discovered at 520. 
Named entities are identified in the documents at 530. Trans 
literation scores for the named entities in the documents are 
generated, in relation to the named entity in the text input, 
using a probabilistic model that uses language pronunciation 
characteristics and a mapping of letter sequences from the 
target language into the Source language at 540. 
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The scored named entities are added to the potential trans 
lations at 550. A monolingual resource in the target language 
is searched for information relating to usage frequency at 560. 
Then, output including at least one of the potential transla 
tions is provided based on the usage frequency information at 
570. 
The logic flows depicted in FIGS. 3, 4, 6, and 7 do not 

require the particular order shown. Many variations in the 
order of steps are possible. Moreover, performing the steps in 
sequential order is not required, and in certain embodiments, 
multi-tasking and parallel processing may be preferable. 
Other embodiments may be within the scope of the following 
claims. 

Exemplary embodiments of the present invention may 
include an article comprising a machine-readable medium 
embodying information indicative of instructions. The 
instructions may be performed by one or more machines to 
result in various operations. These operations may comprise 
generating potential translations of a named entity from a 
Source language to a target language using a pronunciation 
based and spelling-based transliteration model, searching a 
monolingual resource in the target language for information 
relating to usage frequency, and providing output comprising 
at least one of the potential translations based on the usage 
frequency information. 

What is claimed is: 
1. A method comprising: 
obtaining a named entity from text input of a source lan 

gllage. 
generating, with a potential translation generator, potential 

translations of the named entity from the source lan 
guage to a target language using a pronunciation-based 
and spelling-based transliteration model; 

searching a monolingual resource in the target language for 
information relating to usage frequency; and 

providing output comprising at least one of the potential 
translations based on the usage frequency information. 

2. The method of claim 1, wherein said obtaining the 
named entity comprises: 

obtaining phrase boundaries of the named entity; and 
obtaining a category of the named entity. 
3. The method of claim 1, wherein providing the output 

based on the usage frequency information comprises adjust 
ing probability Scores of the potential translations based on 
the usage frequency information. 

4. The method of claim 3, wherein providing the output 
further comprises selecting a translation of the named entity 
from the potential translations based on the adjusted prob 
ability scores. 

5. The method of claim 3, wherein providing the output 
further comprises selecting a list of likely translations of the 
named entity from the potential translations based on the 
adjusted probability scores and a threshold. 

6. The method of claim 3, wherein the usage frequency 
information comprises normalized full-phrase hit counts for 
the potential translations in the monolingual resource, and 
adjusting the probability scores comprises multiplying the 
probability scores by the normalized full-phrase hit counts for 
the potential translations. 

7. The method of claim 3, further comprising identifying 
contextual information in the text input, and wherein search 
ing the monolingual resource comprises searching multiple 
documents for the potential translations in conjunction with 
the contextual information to obtain the usage frequency 
information. 
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12 
8. The method of claim3, wherein searching the monolin 

gual resource comprises searching multiple documents avail 
able over a communications network. 

9. The method of claim 8, wherein the multiple documents 
comprise news stories in the target language. 

10. The method of claim 9, wherein the target language is 
English. 

11. The method of claim 10, wherein the source language is 
Arabic. 

12. An article comprising a machine-readable medium 
embodying information indicative of instructions that when 
performed by one or more machines result in operations 
comprising: 

generating potential translations of a named entity from a 
Source language to a target language using a pronuncia 
tion-based and spelling-based transliteration model; 

searching a monolingual resource in the target language for 
information relating to usage frequency; and 

providing output comprising at least one of the potential 
translations based on the usage frequency information. 

13. The article of claim 12, wherein generating the poten 
tial translations of the named entity comprises: 

using a first probabilistic model to generate words in the 
target language and first transliteration scores for the 
words based on language pronunciation characteristics; 

using a second probabilistic model to generate second 
transliteration scores for the words based on a mapping 
of letter sequences from the target language into the 
Source language; and 

combining the first transliteration scores and the second 
transliteration scores into third transliteration scores for 
the words. 

14. The article of claim 13, wherein: 
using the first probabilistic model comprises generating at 

least a portion of the words according to unigram prob 
abilities P(W), generating phoneme sequences corre 
sponding to the words with pronunciation probabilities 
P(ew), and converting the phoneme sequences into the 
Source language with conversion probabilities P(ale), 
the first transliteration scores being governed by 

We 

and 
using the second probabilistic model comprises generating 

letters in the source language for the words using the 
letter sequences mapping with probabilities P(alw), and 
generating at least a portion of the words according to a 
letter trigram model with extended probabilities P(w), 
the second transliteration scores being governed by P(w 
la) sp(w)P(alw). 

15. The article of claim 14, wherein combining the first 
transliteration scores and the second transliteration scores 
comprises calculating a linear combination, the third translit 
eration scores being governed by P(wla) s?P(wla) +(1-w) 
P(wla). 

16. The article of claim 12, wherein generating the poten 
tial translations of the named entity comprises selectively 
using abilingual resource based on a category of the named 
entity. 

17. The article of claim 16, wherein selectively using the 
bilingual resource comprises: 

if the category comprises an organization or location name, 
translating one or more words in the named entity using 
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a bilingual dictionary, transliterating the one or more 
words in the named entity using the pronunciation-based 
and spelling-based transliteration model, combining the 
translated one or more words with the transliterated one 
or more words into a regular expression defining avail 
able permutations of the translated one or more words 
and the transliterated one or more words, and matching 
the regular expression against a monolingual resource in 
the target language. 

18. The article of claim 17, wherein combining the trans 
lated one or more words with the transliterated one or more 
words comprises combining the translated one or more words 
with n-best transliterations of the transliterated one or more 
words. 

19. The article of claim 17, wherein matching the regular 
expression against the monolingual resource comprises gen 
erating scores for the potential translations according to: 

Pe|f) = aX, Pe, a f) 
Wa 

where f is a phrase from the potential translations, e is a 
given word from the translated and transliterated words, 
1 is the length of e, m is the length off, a is a scaling factor 
based on a number of found matches fore, a, is an index 
of the target language word aligned with f, according to 
an alignmenta, and probability telf) is a linear com 
bination of a transliteration score and a translation SCOre, 
where the translation score is a uniform probability over 
all dictionary entries for f. 

20. The article of claim 12, wherein providing the output 
based on the usage frequency information comprises adjust 
ing probability Scores of the potential translations based on 
the usage frequency information. 

21. The article of claim 20, wherein providing the output 
further comprises selecting a translation of the named entity 
from the potential translations based on the adjusted prob 
ability scores. 

22. The article of claim 20, wherein providing the output 
further comprises selecting a list of likely translations of the 
named entity from the potential translations based on the 
adjusted probability scores and a threshold. 

23. The article of claim 20, wherein the usage frequency 
information comprises normalized full-phrase hit counts for 
the potential translations in the monolingual resource, and 
adjusting the probability scores comprises multiplying the 
probability scores by the normalized full-phrase hit counts for 
the potential translations. 

24. The article of claim 20, wherein adjusting the probabil 
ity scores comprises: 

comparing the named entity with other named entities of a 
common type in input containing the named entity; and 

if the named entity is a sub-phrase of one of the other 
named entities, adjusting the probability Scores based on 
normalized full-phrase hit counts corresponding to the 
one other named entity. 

25. The article of claim 12, wherein the operations further 
comprise identifying contextual information in input contain 
ing the named entity, and wherein searching the monolingual 
resource comprises searching multiple documents for the 
potential translations in conjunction with the contextual 
information to obtain the usage frequency information. 
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26. The article of claim 12, wherein searching the mono 

lingual resource comprises searching multiple documents 
available over a communications network. 

27. The article of claim 26, wherein the multiple docu 
ments comprise news stories in the target language. 

28. The article of claim 27, wherein the target language is 
English. 

29. The article of claim 28, wherein the source language is 
Arabic. 

30. The article of claim 12, wherein the operations further 
comprise identifying contextual information in the text input, 
and wherein generating the potential translations of the 
named entity comprises: 

discovering documents in the target language that include 
the contextual information; 

identifying named entities in the documents; 
generating transliteration scores for the named entities in 

the documents, in relation to the named entity, using a 
probabilistic model that uses language pronunciation 
characteristics and a mapping of letter sequences from 
the target language into the Source language; and 

adding the scored named entities to the potential transla 
tions. 

31. The article of claim 12, wherein generating the poten 
tial translations of the named entity comprises: 

generating phrases in the target language and correspond 
ing transliteration scores with a probabilistic model that 
uses language pronunciation characteristics and a map 
ping of letter sequences from the target language into the 
Source language, the potential translations comprising 
the scored phrases; 

identifying Sub-phrases in the generated phrases; 
discovering documents in the target language using the 

Sub-phrases; 
identifying, in the discovered documents, named entities 

that include one or more of the sub-phrases; 
generating transliteration scores for the identified named 

entities in the discovered documents using the probabi 
listic model; and 

adding the scored named entities to the potential transla 
tions. 

32. A system comprising: 
an input/output (I/O) system; and 
a potential translations generator coupled with the I/O sys 

tem, the potential translations generator incorporating a 
combined pronunciation-based and spelling-based 
transliteration model used to generate translation candi 
dates for a named entity. 

33. The system of claim 32, wherein the I/O system com 
prises a network interface providing access to a monolingual 
resource, the system further comprising a re-ranker module 
that adjusts scores of the translation candidates based on 
usage frequency information discovered in the monolingual 
resource using the network interface. 

34. The system of claim 33, wherein the re-ranker module 
incorporates multiple separate re-scoring modules that apply 
different re-scoring factors. 
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35. The system of claim 33, wherein the re-ranker module 
adjusts scores of the translation candidates based at least in 
part on context information corresponding to the named 
entity. 

36. The system of claim 32, wherein the potential transla 
tions generator generates the translation candidates based at 
least in part on context information corresponding to the 
named entity. 

16 
37. A system comprising: 
means for generating potential translations of a named 

entity from a source language to a target language using 
spelling-based transliteration; and 

means for adjusting probability scores of the generating 
potential translations based on usage frequency infor 
mation discovered in a monolingual resource. 

k k k k k 


